Abstract-Due to rapid population growth, the demand for food is also elevating, which inspires farmers to embrace precision agriculture to increase production by exploiting predictive analytics on relevant real-time data. The exactitude of a prediction is vital to decide the next course of actions to be taken to compensate current demands, which again relies on a competent data acquisition technique. The Media Access Control (MAC) protocols have significant contribution in designing data acquisition technique. In this paper, we propose a new Storeand-Delivery base MAC (SD-MAC) protocol for Air-Ground Collaborative Wireless Networks (AGCWNs) to acquire data efficiently from the sensing devices which are deployed in the agricultural field. Our proposed protocol takes into consideration of the factors of network architecture and transforms them into advantages to attain higher throughput. The performance of the proposed protocol is evaluated using simulations and involving another such protocol, where the proposed protocol outperforms the other protocol.
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I. INTRODUCTION
To cope with the elevating demand of food due to rapid population growth, it becomes obvious to increase global food production. Precision agriculture is considered as one of the premier solutions that can help the farmers to increase production by performing predictive analytics on relevant realtime data, e.g., data on weather pattern, soil temperature, humidity, soil and air quality, crop maturity, etc. To acquire these data, farmers installed various sensing devices in their field. Since these sensing devices have limited intelligence and/or a limited amount of results to make any prediction, a data acquisition technique is employed to acquire all the sensed data. These data are then transmitted to a remote processing device for prediction, which assists to decide the next course of actions. The exactitude of a prediction is vital for accurate or near accurate decision making, which again rely on an efficient data acquisition technique.
A considerable number of data acquisition techniques are proposed in various literature. Again, due to the enhancement over current Unmanned Aerial Vehicles (UAVs), they are also employed in couple of data acquisition techniques [1] , [2] , [3] , where one or multiple UAVs fly over the sensors to acquire sensed data. This kind of networks are a.k.a AGCWNs since the network span between air and ground. This technique of data acquisition is also considered as a cost-effective solution since sensing devices could be distributed sparsely instead of densely to reduce cost and to reduce data duplication. Moreover, a single rechargeable UAV is adequate to acquire data of a considerably large area. However, one important issue necessary to be resolved before enabling AGCWN is how the media could be accessed by multiple devices involved in communication.
For controlling access of a medium, a MAC protocol is employed by most of the network architectures, which is similarly true for AGCWNs. However, since the architecture of various networks is distinct from each other, it would be deceitful to assume that a single MAC protocol applies to any network architecture. For instance, handshake-based MAC protocols, such as IEEE802.11 [4] , IEEE802.15.4 [5] , MACA [6] , MACAW [7] , are suitable for those networks where there are contentions for attaining channel and have a higher probability of packet drop due to collisions. On those networks, a node has to reserve the channel before making any transmission attempt by completing a handshake procedure. Again, these protocols impose a considerable amount of overhead in interference-free networks since collisions in these networks are seldom phenomena, and hence handshaking is overdone. Therefore, there is a need of a new MAC protocol in this scenario. In this paper, we propose a new MAC protocol, named SD-MAC protocol for interference-free AGCWNs to acquire data efficiently from the sensing devices for precision agriculture.
The rest of the paper is organized as mentioned below. The architecture of an interference-free AGCWN is illustrated in Section II, which could be applied in precision agriculture. The system model is detailed in Section III. The proposed MAC protocol is described in Section IV. In Section V, simulation setup is discussed and in Subsection V-A, acquired results through simulation is illustrated in details. This paper is concludes with a concluding remark at Section VI.
II. NETWORK ARCHITECTURE
Generally, for sensing data of an agriculture field, several sensors are installed. These sensors could be deployed densely or sparsely. In the densely deployed scenario, many sensors are sprinkled within a short area and hence they stay close to each other. If they have routing capabilities, they can deliver their acquired data directly or via one or more intermediate nodes to a sink which is then fed into a computing devices to decide future actions necessary to be taken. However, in this type of deployment, it is often observed that neighboring sensors deliver similar information, which suggest a considerable amount of distance between each other. Conversely, in case of sparsely deployed networks, a limited number of sensors are installed in an area with a considerable amount of distance between themselves. In this scenario, routing data to the sink is still possible if a sensor can establish a path between itself to the sink. As opposed to that a sensor node would not be able to deliver its acquired data to the sink. One solution to this problem, which is also adopted in this paper is that a UAV could be employed to acquire data from the sensor nodes. There are several advantages of using this technique: i) duplication of data would be reduced, and ii) it is costeffective since only a limited number of sensors could be deployed within the given area and a single UAV could cover a considerably large area.
The latter network architecture is considered in this paper which is illustrated in Figure 1 . The entire agricultural land is divided into various equal size plots. Each plot is 200 m and 60 m long horizontally and vertically, respectively. Two sensors are installed in a single plot by keeping a distance of around 100 m from adjacent horizontal node (s), if any; and 60 m from adjacent vertical sensor(s), if any. A docking station is installed outside the considered area which is assumed to have unlimited power supply. It could be considered as a UAV nest where a UAV will stand when it is not flying and can recharge if necessary. After every fixed interval, the UAV flies from the nest and makes a trip following a fixed trajectory, which generally covers all the nodes to acquire data from the sensors and return back to the nest.
III. SYSTEM MODEL The AGCWN, described in Section II, has two types of devices, namely one or multiple UAV(s) and several sensors. A UAV is comprised of rechargeable batteries, a transceiver, adequate storage, and limited processing; whereas a sensor has one or multiple sensing device(s), a transceiver, limited storage, and limited processing speed. Moreover, all the sensors are battery powered, and thereby, a suitable MAC protocol is necessary to be employed which could cut major energy waste sources, such as collision, overhearing, packet overhead, and idle listening [8] . In addition to that a sensor node should be laid-down into sleeping mode for preserving energy when it is not in use. The most important layers of this network are application layer, data link layer, and lastly physical layer. An application layer protocol collects data periodically after a fixed epoch, τ sec and generates a packet which is then delivered to the data link layer for further transmission. Consequently, it could be assumed that traffic generation rate, λ in this network is fixed. After that, the data link layer delivers those packets to a UAV through the assistance of the physical layer.
As mentioned earlier, all the sensor nodes are placed maintaining adequate distance and they are out of the transmission range of each other. Note that in this kind of scenario, transmission of a node will not collide with another node, and hence handshake based protocol mentioned in Section I are not preferable. However, still media access control protocols are mandatory in this system since data should be transmitted at the time when the UAV comes within the contact of a node. In opposed to that any transmission of the packet would be deemed lost. A packet also could be lost due to many other reasons, such as noise, attenuation, fading, multi-path, etc. An error control mechanism could play an important role to ensure packet delivery to a certain degree. Therefore, in this paper, we consider an error control mechanism in the form of Stopand-Wait (S&W) Automatic Repeat reQuest (ARQ) technique.
To save energy, a node is kept into the sleeping mode as long as it has no functionality. It awakes when it has data to deliver to the UAV, and also when it has data to acquire from the field. When a UAV arrives within the vicinity, a node transmits a data and waits for a corresponding acknowledgment. This phenomena continues until data transmission is over, or the UAV moves away from the vicinity. A contact duration of a node and the UAV could be possible to estimate easily if we know the coverage area and the speed of the UAV. For instance, if the transmission area of a sensor node is a m, and the UAV is flying with an average speed of s m/sec, then the approximate contact duration is τ cd = a/s sec. Similarly, if the UAV covers d m distance in a single trip, then the time required to complete a round could be found as τ r = d/s. Now, if the UAV recharges its batteries for τ c sec after every trip, a session needs τ s = τ c + τ r sec to complete. Hence, a node can approximate the next possible contact or revisiting epoch, i.e., τ nc = τ s −τ cd . This approximation will help a node to reduce energy waste by keeping the node in the sleeping move during this time until unless it has other functionalities.
IV. PROPOSED MAC PROTOCOL
The network architecture considered in this paper is distinct from any other sensor networks, and hence it is preferable to design a specific MAC protocol which can meet the demand of the proposed network architecture. For instance, unlike any existing MAC protocol, the proposed MAC should only trigger packets when the UAV comes within the contact of a sensor. A node must store the packet, and transmits it when it finds an opportunity to deliver. Again, since no node is within the vicinity of another, there is no interference related issue arising here, and therefore, a handshake is not necessary. Moreover, the nodes should be kept in sleep mode when not in communication or in sensing mode to conserve energy. In this paper, we propose a store and delivery based MAC protocol which takes all the aforementioned factors into consideration and also the advantages of the network architecture to attain higher throughput.
A. Store-and-Delivery based MAC (SD-MAC)
Our proposed MAC protocol is designed in such a way that it could be implemented in a lite-weight sensor nodes. It is a simple but effective MAC protocol for interference-free AGCWNs.
As we mentioned earlier, a UAV is employed to acquire all the data from the sensors which are deployed in a field, and a sensor node only transmits data when it comes into contact with the UAV. Therefore, when a UAV engages in a trip and not communicating with any node, it generates and transmits INDICATION packets with a fixed interval to announce its presence as illustrated in Figure 3 . Any node which receives this packet deems that the UAV is within its contact and immediately investigate its buffer to discover any presence of DATA packet. If any, then a flag is set in the header to allude that whether it is the last packet or not and transmits the packet. This flag is introduced to assist a UAV to explicitly identify the end of a transmission session so that it can involve in another session with some other node. If the size(buf f er) > 1, the Last Packet (LP) flag is set 0 and transmit the packet to the UAV.
Since packets are transmitted through the adverse wireless channel, it is necessary to embed an error correction technique to deal with this issue as discussed in Section III. In the proposed protocol, S&W ARQ technique is embedded, where a node waits for a fixed time after transmitting a packet for the corresponding ACK packet. Generally, in wired and wireless communication, when an ACK is not received by a node for any packet, it is assumed that the packet is dropped because of the congestion and the node go to backoff state by calculating a binary exponential backoff time and stays there until the time expires. Since in our proposed architecture, there has been a little possibility that the network would be congested; therefore a node never enters into the backoff state when a packet is dropped. A node waits for an ACK packet for τ a sec and retransmits the packet if no corresponding ACK is received. The retransmission assists a node to recover a packet which is dropped because of error. Again, a node may not receive a corresponding ACK due to connection disruption, which may occur when the UAV moves out of the contact of the sending node. In such case, a node will try to retransmit a packet for three consecutive times before presume that the UAV has left its vicinity. Once determined, it stops transmitting any more packet and moves back to the sleeping mode. On the other hand, when a UAV does not receive a packet for a waiting time, τ w which is 3 × τ a , it will assume that it has left the vicinity of current contact and start generating INDICATION packet. Again, when a node discovers that size(buf f er) = 1, it sets LP = 1 which informs the UAV that this the last packet, Figure 4 . The network architecture considered in this paper for data acquisition.
and now it can generate INDICATION packets to communicate with other nodes.
V. SIMULATION SETUP
The performance of the proposed protocol is evaluated using the ns2-Miracle framework [9] . Since there is no collision handling mechanism is necessary for the MAC in the considered network architecture, therefore, we evaluate the performance of our proposed protocol with a modified ALOHA protocol [10] . Again, the pure ALOHA protocol is not suitable for this kind of scenario since it transmits a packet immediately after it receives that from the upper layer without considering any consequence. Consequently, ALOHA will perform poorly in the network architecture considered in this paper and it would be unjustified if we do not adopt it for the current network architecture. Therefore, we modify the ALOHA protocol such that it will only transmit a packet when it receives an INDICATION packet from a UAV. An error correction technique, namely traditional S&W technique is embedded with ALOHA protocol where a node will go to the backoff state when it does not receive the packet assuming that there is congestion in the network.
For the simulation, we consider analogous network architecture which is discussed in Section II. The area extends over a rectangular surface with side 400m and 240m horizontally and vertically, respectively. All sixteen (16) nodes are placed in a fixed position and the UAV is placed on a docking station which is installed beside the agriculture field. The payload in a DATA packet is 100 B, and header is 20 B; whereas the size of an ACK packet is 10 B and the size of an INDICATOR packet is 5 B. The frequency of the channel is set to 2.48 GHz, and the bandwidth is set to 5 MHz. The QPSK modulation is employed in the physical layer with a bit rate of 250 kbps. The UAV can fly at most 20m above from the ground surface and never come close to the sensor nodes. Every sensor node is installed on a pole of 3 m height. Since all the nodes are deployed in a field, two ray propagation model is used to predict the path loss when the signal is received. A fixed waypoint mobility Figure 5 . The fixed trajectory followed by an UAV while acquiring data from the sensor devices.
model [11] is employed to realize the trip of a UAV which follows a fixed trajectory.
Two metrics are considered to evaluate the performance of both the protocols, namely Normalized Packet Delivery Ratio (PDR) and Normalized THroughput (NTH). The PDR is the ratio of the number of packet reception and the number of packet transmission; whereas the NTH is the number of packets delivered in the network per packet transmission time. For any scenario considered in this paper, a UAV complete five (5) round trips or in other words five (5) sessions berfore stoping the simulation. All the scenarios are executed with 10 different seed values, and an average is performed over the acquired results. The speed of the UAV is varied from 0.001 m/s to 1.0 m/s and the traffic generation rate, λ is varied from 0.001 bps to 800 bps per node until otherwise mentioned.
A. Simualtion Results
The PDR of modified ALOHA and SD-MAC is illustrated in Figure 4 . As it could be observed from the figure is that for any speed of UAV, SD-MAC outperforms modified ALOHA protocol because of taking into the consideration of the network architectural factors, such as interference issue, backoff issue, etc. Again, among various speeds of the UAV, the PDR is higher for both the nodes when it is lower. When a UAV is moving slowly it has longer τ cd and sensors can deliver higher packets in a single contact. Moreover, since the number of sessions are fixed for any speed in the network, it also influences the acquired results. However, for any speed, the PDR declines with increasing λ since a τ cd is not adequate to deliver all the packets which are generated during a τ nc .
Similar results are also observed in the case of NTH which are depicted in Figure 5 . Our proposed SD-MAC protocol outperforms modified ALOHA protocol with respect to NTH despite of any speed considered for the UAV. Since the network architecture considered in this paper is interferencefree, therefore, the NTH does not decline after securing the highest throughput. For the lower data generation rate, the NTH is lower, which elevates with increasing λ and remains steady when it secure the highest throughput.
From the above results it is evident that SD-MAC protocol is the competent choice for the network architecture considered in this paper for precision agriculture.
VI. CONCLUSION
In this paper, we propose a new MAC protocol, competent for interference-free sparsely deployed sensor network, which assists real-time data acquisition from the sensor nodes installed in an agricultural field to enable precision agriculture. Since the proposed protocol stores all the data and delivers them when a node comes into contact with a UAV; hence, named as Store-and-Delivery based MAC protocol. It exploits important factors of network architecture and transforms them into advantages to attain higher throughput. Since the network considered in this paper is interference-free; therefore, the SD-MAC is compared with a modified ALOHA protocol using simulation campaigns, where SD-MAC outperforms its counterpart in terms of packet delivery ratio and normalized throughput.
